OCT Analysis of Flap Thickness
To the Editor:
I read with interest the article entitled, "Anterior Segment OCT Analysis of Thin IntraLase Femtosecond Flaps," by Stahl et al, which appeared in the June 2006 issue of the Journal of Refractive Surgery. 1 It is a good article, but there are a few assumptions and minor study design issues that deserve mention.
In the Patients and Methods section, the authors state that with older femtosecond technology they had to program 100-µm fl aps to achieve 110-µm fl aps, but that with the faster 60-kHz IntraLase femtosecond laser (IntraLase Corp, Irvine, Calif) if they programmed 110-µm they achieved 110-µm fl aps. Although I do not question this statement, the two sets of fl aps mentioned were measured with different techniques and many years apart. It stands to reason that the standard deviation and mean fl ap thickness differences may not be due to differences in laser speed, but to differences in measurement techniques and technology. Femtosecond speed alone has not been associated with differences in fl ap predictability in two independent studies. 2, 3 The authors reference an excellent paper in Ophthalmology by Li et al 4 that suggests an optical coherence tomography (OCT) predictability of 2 µm to measure corneal thickness. In the June 2007 issue of Ophthalmology, the same authors stated that by using automated fl ap marking, 1-week OCT readings, and paracentral readings, they could obtain the most accurate and reproducible OCT fl ap thickness readings. 5 These readings had a 5-to 7-µm standard deviation. In the article by Stahl et al, the OCT readings were done manually, at 1 month, and used central as well as paracentral readings. Additionally, the FDA approval data for the Visante OCT (Carl Zeiss Meditec, Jena, Germany) shows a 7-µm standard deviation in central corneal thickness and a 14-µm standard deviation in peripheral corneal thickness. If the best of Visante OCT readings have a 7-µm standard deviation, then it seems diffi cult to take comfort in a 5-µm standard deviation for fl ap thickness.
The authors discuss in excellent detail corneal biomechanics and the benefi ts of thinner fl aps with smaller diameters. However, the authors should have made it clear that these benefi ts hold true regardless of how the fl ap is created. Lastly, they mention the uniform shape of the femtosecond fl ap, which is widely accepted, and compare it to a non-planar Hansatome (Bausch & Lomb, Rochester, NY) fl ap and a planar SCHWIND (SCHWIND eye-tech-solutions GmbH & Co, Kleinostheim, Germany) fl ap. The recent article by Li et al 5 states that although a trend toward more uniformity was noted in IntraLase fl aps, there was no statistical difference in the uniformity of Hansatome fl aps compared to IntraLase fl aps. Although the discussion of fl ap architecture is interesting, it should be noted that there are no clinical outcomes studies defi nitively associated with planar or meniscus-shaped fl aps. This is a good article with useful information on the current and future benefi ts of the Visante OCT. The readers need to be aware that there are limitations and variability in OCT measurements as there are with other techniques. The importance of these relatively minor standard deviations in fl ap thickness, and in our ability to measure fl ap thickness, become magnifi ed in thin-fl ap LASIK and in retreatment cases. Lastly, femtosecond speed alone has not been correlated with fl ap thickness predictability. 
Reply:
We thank Dr Peters for his comments on our article. 1 In the second paragraph of the letter, it was incorrectly assumed that the statement about our previous experience with the IntraLase was based on older technology many years before the 60-kHz laser was available.
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Letters to the Editor
Our practice obtained the fi rst commercially available 60-kHz IntraLase femtosecond laser (IntraLase Corp, Irvine, Calif) in February 2006. We optimized the laser setting over several months before starting our study on fl ap thickness. Through this process we found the laser must be programmed at 100 µm to obtain a fl ap thickness of 110 µm. Two presentations were also cited, which did not fi nd an association with femtosecond laser speed and differences in fl ap predictability. It is diffi cult to comment on these non-peer reviewed, non-published presentations. But from the online abstracts, it is clear that neither of these studies used the Visante OCT (Carl Zeiss Meditec, Jena, Germany) that was used in our study but rather 4Optics optical coherence pachymetry (Online OCP; 4Optics AG, Heidelberg, Germany). Optical coherence pachymetry is used intraoperatively to measure corneal thickness to prevent ablation depths that are too deep and may increase the risk of ectasia. Intraoperative corneal hydration changes during the LASIK procedure would affect the accuracy of OCP measurements. In our study, Visante OCT measurements were taken 1 month after surgery so as not to be infl uenced by corneal hydration changes during the early postoperative period. Additionally, although the IntraLase was used in the one study referenced, the other study only mentioned a femtosecond laser was used but did not specify whether it was the IntraLase, Zeiss, Ziemer, or Femtec laser. There is no mention of femtosecond laser speed in either abstract or any reference to comparing different laser speeds to analyze differences in fl ap predictability based on these different laser speeds. Therefore, these references do no appear to support the statement on femtosecond speed.
Our experience using the IntraLase laser began in April 2002 with the 10-kHz laser. With every new (faster) generation of IntraLase laser (10, 15, 30, and 60 kHz), the accuracy and quality of ablation has improved. Greater speed has enabled decreased pulse energy. Less energy results in smaller photodisruption bubble diameter. Smaller bubble diameter adds more precision in the dissection plane and therefore greater accuracy in the depth of the cut. A comparative study of stromal bed quality with scanning electron microscopy by Sarayba et al 2 evaluated the Hansatome (Bausch & Lomb, Rochester, NY) and 15-and 30-kHz IntraLase lasers. They reported no difference between the Hansatome and 15-kHz laser but a signifi cant improvement in stromal bed quality was observed with the faster 30-kHz laser compared to the Hansatome and 15-kHz laser. Another comparative study that used confocal microscopy to evaluate fl ap creation by the 15-and 30-kHz IntraLase lasers found the faster 30-kHz laser had better fl ap thickness reproducibility with a smaller standard deviation than the slower 15-kHz laser. 3 Binder 4 reported standard deviations of 12.4 µm, 14.3 µm, and 15.2 µm for fl aps thicknesses of 90 µm, 100 µm, and 110 µm, respectively, with a 10-kHz IntraLase laser. The standard deviation was better with the faster 15-kHz laser-10.8 µm, 11.8 µm, and 10.2 µm at the same fl ap thicknesses, respectively. These studies suggest that the speed of the femtosecond laser is important and correlates with fl ap thickness predictability.
The study by Li et al 5 used a pre-commercial OCT prototype, similar in performance to the Visante OCT, to evaluate 15-kHz IntraLase fl ap thickness (personal communication, David Huang, MD, PhD, 2007) with an automated computer algorithm. As mentioned in our article, the commercially available Visante OCT requires manual (semi-automated) measurement. The Visante fl ap tool is a computer-controlled cursor that is placed on the corneal image at the desired location that automatically measures corneal thickness. Within this total corneal thickness measurement, the curser is manually placed on the visualized fl ap interface. As mentioned in our article, these manual measurements may be more subjective than an automated computer algorithm measurement method used in the study by Li. 5 A study comparing the automated measurement algorithms to manual measurements would help answer this question.
The FDA Visante 6 study found that central corneal thickness measurements of the Visante were more precise than measurements made with ultrasound pachymetry and Orbscan. The Visante was capable of making repeatable and reproducible measurements in both pre-and postoperative LASIK populations. However, we agree that there are limitations to all techniques that measure corneal thickness including the Visante OCT.
Advantages of the IntraLase laser (planar fl aps) compared to mechanical microkeratomes (meniscusshaped fl aps) in LASIK fl ap creation have been demonstrated in several published studies. Kezirian and Stonecipher 7 reported fewer complications, better fl ap thickness predictability, and less surgically induced astigmatism in IntraLase eyes compared to microkeratome (Hansatome and Moria [Antony, France]) eyes. A prospective, randomized, contralateral eye study comparing the IntraLase laser and the Hansatome by Durrie and Kezirian 8 found signifi cantly better uncorrected visual acuity outcomes in the early postoperative period and less astigmatism in IntraLase eyes. Tran et al 9 conducted a prospective, randomized, contralateral study to evaluate aberrations induced following LASIK fl ap creation only (no excimer ablation) with Letters to the Editor the IntraLase laser and Hansatome. Microkeratome eyes had a signifi cant increase in higher order aberrations whereas the IntraLase eyes did not. Montés-Micó et al 10 compared contrast sensitivity following myopic LASIK with the IntraLase laser and microkeratome (Carriazo-Barraquer; SCHWIND eye-tech-solutions, Kleinostheim, Germany). IntraLase eyes demonstrated better contrast sensitivity at high spatial frequencies compared to microkeratome eyes under both photopic and mesopic conditions.
Our discussion of corneal biomechanics illustrates the importance of thin LASIK fl aps. There is no doubt that mechanical microkeratomes can produce thin LASIK fl aps. However, more collagen fi bers are cut with a meniscus-shaped fl ap measuring 110 µm centrally and 140 µm peripherally compared to a 110-µm planar fl ap. Thus, biomechanical strength of a cornea with a meniscus-shaped fl ap is likely weaker than a planar-shaped fl ap even with both measuring 110 µm centrally. In addition, the risk of buttonhole fl aps is greater when creating thin microkeratome fl aps due to their meniscus shape. If a thin planar fl ap can be created with a microkeratome, this should result in improved biomechanics as well. We are currently performing a similar Visante OCT study on Hansatome fl aps to evaluate the fl ap shape, predictability, and reproducibility of fl ap thickness. As our understanding of corneal biomechanics increases, it is our belief that for each individual patient we will be customizing fl ap creation including shape, thickness, and diameter to maximize visual outcomes and corneal biomechanical strength. 
Mathematical Properties of Asphericity: A Method to Calculate With Asphericities
We read with interest the analysis by Calossi 1 investigating various descriptors used for corneal asphericity and its infl uence on spherical aberration. Many articles report asphericity measurements 2 and average values 3 using different descriptors (Q-factor, eccentricity (e), p-factor, shape-factor [SF]), or deal with the effects that refractive treatments have on corneal asphericity, either theoretically 4 or empirically.
5
The article by Calossi provided useful data, however, we do not agree with the defi nition provided for the negative values of eccentricity.
"Classical" relationships between the different asphericity descriptors are: where a represents the major semi-axis and b the minor semi-axis. Thus, eccentricity is always defi ned positively (ie, eϽ0 does not exist).
As mentioned by Calossi, negative values of are purely conventional to describe oblate ellipses. Prolate ellipses have values of ranging from 0 to 1. If we describe oblate ellipses by means of negative values of e, they would be expected to range from Ϫ1 to 0. The defi nition provided by Calossi (Eq.[6] in the original article) fails to fulfi ll this requirement:
All positive values of Q (from 0 to ϩϱ) represent oblate ellipses. With the defi nition used by Calossi, oblate ellipses would have values of e ranging from Ϫϱ to 0.
As ellipses are possible for both negative and positive values of Q, but only the negative Q are covered by the elliptical defi nition, we can also redefi ne as a function of Q:
With this defi nition, prolate ellipses having values of Q ranging from Ϫ1 to 0 correspond to values of e ranging from 1 to 0, whereas oblate ellipses having values of Q ranging from 0 to ϩϱ correspond to values of e ranging from Ϫ1 to 0, as expected. (This affects Table  3 in the article by Calossi).
We would also like to bring attention to the fact that asphericity is a dependant magnitude with "non-linear" behavior, having no physical meaning if it is not considered together with paraxial curvature, therefore simple arithmetic using asphericity descriptors might lead to erroneous interpretations and confusion when using different asphericity descriptors. Simple arithmetics to convert from one asphericity descriptor to another, and to average asphericity descriptors, may lead to ambiguous results, depending on the sequence of the calculations.
In corneal surgery, it is has long been known that refractive treatments induce changes in corneal asphericity, 4 and recently it has been argued that preserving preoperative corneal asphericity might be desirable, thus, asphericity-based profi les have been developed.
Asphericity can be computed from the corneal elevation Zernike expansion:
The average of the corneal elevation Zernike expansion can then be used to calculate the "average" asphericity: This can be applied to calculate the asphericity of the average change of a series of individual corneal asphericities or to compute the asphericity of the change in a single cornea.
Following the above described methods, converting from one asphericity descriptor to another and to average asphericity descriptors, will lead to systematic results, independent of the chosen asphericity descriptor and the sequence of the calculi.
Reply:
In response to de Ortueta and Mosquera, negative values of e to describe oblate ellipses are purely conventional. I proposed a convention, and they proposed another convention.
We started from this point: the existence domain for p is (Ϫϱ, ϩϱ). Do we want to associate a value of e to all values of p?
If not, the standard formula must be used: Figure 1 shows a symmetrical pattern in respect to p = 1, ie, the sphere. This is a proposal that allows associating one, and only one, value of e to each value of p. This defi nition does not produce any ambiguity. Figure 2 shows how the range pу1 is compressed in Ϫ1рeр0, using Mosquera and Ortueta's defi nition.
Antonio Calossi, DipOptom Certaldo (FI), Italy 
